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FOREWORD

Occasionally, the. hbmy sees fit to publish
reports that do not constitute pure research nor o c'/ o
report-on any specific Research Work Unit.” Reports

- of this type usually are selections fromktheses sub-
mitted by e medical office@uallﬂcatlgg_)
andidates. These theses, as a rule, constitute dis-: -
cussions of medical problems in the operational sub-
marine or diving field, unusual medical problems in
which unique improvisation of equipment or methodology
provided a solution, well thought-out discussions, or
literature reviews on occupational problems applicable
to the submarine and diving medical fields,

t1c 5(_

This type of report is published for dissemination

ta- Submarine Medical Officers and their Medical De-
partmeat aldes and to those Interested In subm&ha/m%
medical research and development.

Lieutenant Philip R. Albert's report falls In one of
the aboxe categories described above, and has been
selected for publication as an NSMRL report.

Charles F. Gell, M. D., D.Sc. (Med)
CIENTIFIC DIRECTOR
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: e ~ .
ateers p?rtl‘:bn.. to the cvaluation of lenticulax

in pursonnal in fhe suctloas posas wTogram.,
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By virtuz of its structure, physiolozy, and 10:1;.101‘.\, ths leas ;ﬂ
of ths eya is susceptible to cataxact fLormation ¥ -dosss of radiatio e
highzr than i.ho.»' rec2ivad in the nucleas pow=r proyran. R.\quA"LOn -
h2alth considerations reguire that.certain types of cataracts bz ———
considered disqualifying frompt‘ﬁe"m_clcn; fizld. OCphihalmoacopy,
supported by a thoromgh zenaral ocular history, physical examination,
and refraction, is a satisfactory initial screaniug, with slit lawmp
examination required vader some circumstances. Medicolezal considex-
ations underscore thez need for a vigilaat radiation haalth program and :
a claar unde standing of thez biomadical ;npl.c:xtlono of radiation e
exposure, especially since unwarianted adverse dzcisions have already "t‘
bezn nade. e
p—
APPLICATION i
Tais papex provides information to 5; divxdgils involved in rxadiation
bealth and nuclear power, aand it wakes ¥ ¥ii3@eindarions concerning the 5
valuation and disposition of lenticular opacity problems. ,—,"
»
ADMINISTRATIVE INFORMATION
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ABSTRACT

e

Pertinent aspects of lens anatomy, embryology, and physiology are
reviewed. Types of cataracts are described and classified as to etiology.
The pathophysiology of radiation cataracts is discussed and data regard-
ing dose levels needed to produce such cataracts is presented. The re-
quirements for satisfactory screening for lenticular opacities and for
their further evaluation is discussed in light of results achieved at
the Nuclear Powzr Schools. Me icolega1 ramifications are discussed and
compznsation cases reviewed. “ReS§RscAdatisns are made concerning ac-
ceptable examining protocols, administrative processing, disqualification
criteria, and approaches to minimizing adverse, unwarranted legal decisions.,

-
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INTRODUCTION
R U

Paralleling the development of nuclear power as a source of energy
during the past 30 years has been a concurrent awareness of the harm-
ful effects of radiation on biological systems. Most of the data has
come from accidents occurring at nuclear power plaats in early years,
side effects observed in patients as a result of therapeutic irradi-
ation procedures, and delayedAchanges occurring in survivors of nuclear
weapons detonations. This latter group has been the subject of especial-
ly intcnse longitudinal follow-up and analysis. All three of these
groups share the association of exposure to large doses o#’radiation;
while occupational workers in nuclear power plants are limited to doses
small enough to preclude such injury. It is incumbent upon cognizant
zuthorities in nuclear power systems, however, to consider the haiards
of radiation when determining the qualification of workers for the

nuclear ficld.

The matter of lenticular opacities has long been a troublesome
issue for the Naval Nuclear Propulsion Program for two reasons. First,
cataracts have arisen as a fesult of exposure to radiation, albeit
large doses. Second, these c#taracts may resemble opacities that occur
either spontaneously or as a result of other pathology. Both mediééi
department and lire personnel continue to encounter the confusion this
issue breeds; indeed, the absence of firm procedural guidelines prevents

the resolution of specific cases at local command levels.

——

This paper endeavors to review those aspects of lenticular opacities




— anteriorly and posteriorly. —Older fibers are pushed, with the
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that are pertinment to the Naval Ruclear Propulsion Program. It con-

templates an audience of medical department members who must evaluate
candidates, line personnel who oversee the programs, and occupational
workers who perform radiation work. It is hoped that the issues at hand
will be clarified and that the recommendations here contained will

iuprove the evaluation and disposition of lenticular opacity problems.

LENS DEVELOPMENT AND STRUCTURE

The lens arises from surface ectodarm that overlies the optic
vesicle and thickens into a lens placode. As lens fibers are iaid
down, their ends meet to form the suture lines appearing in the nucleus.
The fetal lens initially receives its blood supply from the hyaloid
artery, which arises near the 6ptié nexve and extend# through the
vitreous body. At about the fifth month the hyaloid s&stem atrophies
and disappears; vestigial remrants often persist and are termed Mittendorf

dots.1

The mature lens is a biconvex disc with a horizontal dimension of
approximately 10 wmm and a thickness of about 4 mm. The anterior and
posterior surfaces join at the equator. Surrounding the lens is an
elastic, acellular capsule. Underlying the anterior capsule is a single
row of cuboidal epithelium. Lens substance, laid down by the epithelium,
consists of fibexs epbedded in intercellular cement, New lens fibers
are claborated by cells at the equator and extend their processes

.
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bodies, toward the center of the lens, thus creating an equatorial

—_——

—

nuclear bow. Aging of the lens results in shrinkage, compression, and
loss of fiber elasticity; thus the nucleus, which can be distinguished

from the cortex, increases in size over time,

Overlying the adult lens are the cornea, 0.6-0.8 mm thick, and
3
the anterior chamber, 3.0-3.6 mm thick. Hence direct radiation damage

to the lens must penetrate through 4.0 mm of tissue density to reach

the lens. It is in part this proximity to the surface that makes the

lens a critical organ with a large relative biological effect for

&
high-LET radiation.

The lens owes its transparency to its relative acellularity and a
uniform refractive index of its various parts. Its composition is
primarily crystalline protein, consisting of alpha (embryonic) and
beta (adult) forms. A high intralenticular potassium content is
maintained by the anterior epithelium, Other biochemical distinctions
include a high content of both glutathione #nd Vitamin C. Glucose
metabolism occurs chiefly via the Embden-Meyerhof péthway leading to
lactic acid, since the amount of oxygen available for oxidative

phosphorylation is restricted by what can diffuse through the aquaous

humor.

LENTICULAR OPACITIES

Any interruption of the normal transparency of the lens is termed

P S —— —

an opacity or cataract. By many, however, including those involved in




the naval radiation health program, the word “cataract' is generally
—--reserved—for those opacities with a pathologic, as opposed to a
physiologic, etiology, The mechanism whzreby cataracts occur involves
either denaturation of the protein or hydration of lens substance. It
has been suggested, further, that the high levels of glutathione presént

in the lens exert a protective influence against the development of

6
cataracts.

Of the several recognized methods of classifying opacities, the ome
in;olving etiology is the most relevant for the‘purpose of evaluating
pefsonngl for occupational exposure to radiation. In these texms, they
may thus be regazded as congenital, hereditary, metabolic, toxic,

associated with other ocular disease, traumatic, and degenerative.

Congenital cataracts are usually punctate, irxregular opacities
that are found with a slit lamp as minox aberrations in an otherwise
rormal 1ens.7 Otherwise, they may be preseat as Mittendorf dots. 1Iris
pigment, although found on the lens surface by examiners, does not
constitute a true leaticular opacity. Those congenital cataracts that
occur in connection with prenatal disease, such as rubella or toxo-
plasmosis, are accompanied by major defects in other organ systems and
hence are not likely to preseat a;ong canéidates for the nuclear pro-
pulsion programs. Nonetheless, case evaluations have been submitted
to the Bureau of Medicine and Surgery in which dense cortical and
subcapsular opacities, distinctly more prominent than small flaws, have

been described as congenital in their origin, without any associated

~ T . —_— —_— I S— —_—




findings.8 For hereditary cataracts a fawily history of similar lesions

must be present. ) 7 . S

_—

M&tabolic cataracts occur in association with adult-onset diabetes,
hypocalcemia, and pituitary disease., Diabetic cataracts occur in sub-
capsular cortical regions, both anterior and posterior, and resemble a
"snowflake" pattern. Hypocalcemic cataracts may have a similar appear-
ance, although they do not arise unless the serum calcium is low enough

[} ’
. . . . CLﬂbi'uJ
to make tetany likely. Opacities occurring in conjunction with Ty

. 9
disorders are extremely rare.

Traumatic cataracts can also originate in the posterfor subcapsular
region, regardless of the site of original injury or whether the injury
involved a blunt contusion or a penetrating wound. At tﬂe time of
detection, however, they can present a varied appearance, and case reports

submitted to the Bureau of Medicine and Surgery for evaluation have been.

both anterior and posterior. Virtually all have been in cortical regions.1

Toxic cataracts occur in the same portion of the lens and "resemble
mainly senile peripheral cortical or posterior subcapsular opacities."11
Corticosteroids, both topical and systemic, represent the most important
group of medicq;ions that have been implicated. In addition, chlor-
promazine has been found to cause pigment deposition in the anterior

lens.12

Senile or degenerative cataracts occur most commonly in the cortical

regions and are usually posterior subcapsular, where they give rise to

a "beaten-gold" appearance. Unlike the degenerative nuclear hard




cataract, which results from the sclerosing process of aging, the soft

cortical cataract involves protein denaturation and hydration. It is

R

fluid accumulation that creates a typical spoking pattern.

In a relatively young and healthy cohort like the Bavy, it is rare
for an opacity to manifest as a noticeable decrement in visual acuity.
When specifically sought, however, some form of opacity can be.found
in a majority of individuals, Slit lamp examinations performed in a
study of both nuclear and diesel submariners at the Naval Submarine
Base, Groton, Connecticut, showed punctate opacities, regarded as
physiologiec, in over 957..14 In a more recent slit lamp study of 33
éivilian workers at a naval shipyard, 757% were found to possess
0pacifications.15 When only the ophthalmoscope was used by Havy

physicians specifically seeking opacities, a 5% yield has been reported.

The most extensive program of concentrated mass screening for
lenticular opacities under naval auspices lies in the collective
expgrience at the Nuclear Power Schools located at Bainbridge, Maryland,
and Mare Island, California. All candidates for the nuclear propulsion
program, officer and enlisted alike, receive a thorough preplacement
radiation physic#l examination at the commencemeat of each class. Every
candidate is caréfully screened by an optometrist with an ophthalmoscope.
All opacities thus detected are further evaluated by the optometrist
with a slit lamp examination. Every lesion that is accompanied by other
ocular disease, implicated in diminished visual acuity, or questionable

in any way is referred for ophthalmology evaluation at a naval hospital.

O S— ———
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The final evaluatlon for retention in the nuclear power program is made

by the Bureau of Medicine and Surgery.

T —

D [

An assessment of the results of these examinations is important for
several reasons. First, the large number of candidates examinad and the
technical quality of the screening process provides an index of the results
that can be éxpected under essentially optimal conditions using this
techaique. It is of note that the screening protocol as currently
followed is acceptable to cognizant authorities in the Bureau of Mzdicine
and Surgery, NAVSHIPS 08 (Naval Reactors), the Bureau of Naval Personnel,
‘vand Type Commander staffs. Further, a survey of these results shows
how many individuals have been lost to the nuclear propulsion program
by reason of lenticular opacities and provides a means for estimating
future attrition. Finally, in the event that either the location oY the

procedure for theseﬁgxaminggipngmisxghggggd in the future, a measure of

-
e ——

\V .
quality contr01‘€§ comparison with past experience\will be possible
Data was collected from reports on enlisted personnel submitted by
the Nuclear pPower Schools to the Bureau of Medicine and Surgery after
_@.G.CW 9) Qd .
each class had £¥s physical raminkevens pesformed. By convention, all
7 candidates are placed in five categories according to physical defects
that would disqualify them from submarine service, the nuclear power

program, or both. A special Categoxy iV lists all individuals with

lenticular opacities. Men with more than one defect are placed in all

categories that apply.

Table I summarizes the reports submitted from May, 1973 to May, 1974

J S— ———— — .
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concerning enlisted candidates. The overvhelming majority of these

\V\C/n e Lo O

2,
e;Jaaq\ rom 18 @o 21 years, of—ege,- The total numbaxr of 4,039

is confirmed by a BUPERS estimate of the number of candidates that
reported to the Nuclear Power Schools in this time period. ‘The overall

11.44% incidence of lenticular 0pacit1es jdentified with the ophthal-
e -'

moscope is closely approxlmated %g'resulta.at both'Balrbrxdve and Mare

.2

Island.

Tables II and III ﬁgggherneéépile the data by year and school. It

can thus be seen that the range, considering large groups of people
, | e A
‘and multiple examining sessions, is 7.66% to 15.19%. 1t is fﬁgi (

thls range reflects prrmarlly a true variance in incidence.

-

“' Y t"( "'l "“‘ .) *"‘é——-"'""
.- Abotit 6 of the candidates during the time period examined were found

to have lesions disqualifying them from the nuclear power program (final
decxsiou oné{ ;g‘zhrrently pending) This constitutes 1.30% of those
with lenticular opacities and 0.15% of all candidates on whom physical
examinations were performed, It is therefore apparent that the attrition

rate due to opacities at the onset of the nuclear powexr program is not

a significant problem.

It is of historical interest that, when the importance and signifi-

cance of lenticular opacities was not generally appreciated by wedical

Yo oo e bl
dapartment personnel, it wasneiceeod to find them all disqualifying, so

that BUMED review (and waiver recommendation) would be required.17.

Subsequently it was decided simply to forward all cases of opacities to
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BUMRD for final decision, thus removing *heA;;&s of disqualelcatxcn iz

faom benign conditions. In the futute, it is hoped be—e#%mpt certain

T Wﬁt—ﬁﬂuC- — : —_ —_—
typea of opacitles from BUMED review. '

RADIATION CATARACTS -

Radiation cataracts are thought to arise as a result of damage to
the anterior subcapsular epitheliem. Lenses examined in cataract

patients have shown that cytologic changes occuring before lens opaci-

fication produce alterations in cell differentiation.?l?he damaged cells

.t i
s A e . AT

and their fibers are pusheé£ n the normal process of lens maturatioﬁZ)

toward the posterior pole. Cellular degeneration is accompanied by the

release of enzymes that result in liquefaction of adjacent areas of the

cortex.18

An extensive histological study was performed on the cataractous
lens of a Hiroshima survivor who had been 780 meters from the h&pocenter
of the blast.19 By other workers it would be estimated that he sustained
doses of about 200 rads of gamma and 160 rads of neutron radiation.
Fourteen days later this individual noted epilation of the scalpy which
progressed to baldness over the next 3-4 days. Two years later he was
examined for failing vision and noted fo have bilateral opacities. Four
years after the blast, in 1949, his left lens was removed. Histologically
it was located in the posterior subcapsular region, where it appeared
as a lace-like disc with small vacuoles. The borders were sharply

21
defined and thickened, giving rise to a doughnut appearance. This is
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a prototype description of a radiation-induced cataract, although with

further opacification it way resemble other types of posterior subcapsular

— — e—

cataracts.
Survivors of ti:2 atomic bomb explosions at Hiroszhima and Nagasaki
have formed the largest group of individuals available for long-term
follow-up of delayed effects, including lenticular opacities. By fixing
the precise location of these individuals at the time of the detonatimas,
it has been possible to estimate the doses of radiation they received.
One study has been conducted by the Atomic Bomb Casualty Commission,
-a binational group that has examined survivors every two years since
1958. By 1968 they found an increased prevalence of diseases of the eye,
‘most of which were cataracts, for individuals who had received more than

, ca e | OV a doav
100 rads. For the groups that received 6-9-rads—and-10-99 rads, however,

. : 22 \
gérlncreased prevalence was not found. ;

——r

4: tn another study of surv1vors§§§ 194;}F111m0te found 98 cases of

cataract among Hiroshima survivors, 85i;5re withln 1000 meters of the

hypocenter. (According to Belsky, people 1000-1049 meters from the

hypocnntef received a mean air dose of 219 rads gamma and 160 rads neutron. ")
' dooclz d /

Subsequent examinations of 3700 survivorguggga 1951-53, revealed 154

individuals with posterior subcapsular, polychromatic cataracts visible

with the ophthalmoscope. These cataracts were associated with epilation
/ol V;*zc/r”ﬂ o CLdl/L&JLCLZfauAL*~¢ '*7’é) D,ZD.S CLﬂquﬁiufii

ther é%fects, and—in—un&y‘25Pwas-vtstuu~eo¢¢oq&ab&e-eo~ies

and
att t RS g thr vt Benar e as.
2ﬁ#25 By 195§,a National Academy of Sciences and National Research

Council report stated that, among the 8000 survivors of both explosions,

S S e U [P




11.

10 cases of severe cataract had been discovered, 25 cases involving

lesicons detected by the slit lamp alone.24

About the time that radiation cataracts were being discovered in
survivors of the atomic bombs, cases were coming to light involving
physicists working with cyclotrons, which produced high fluxes of fast
neutrons and hérd gamna rays. By 1949, ten cyclotron scientists had
beenidiagnosed as having radiation cataracts. Exposure times varied
from 10>to 250 weeks, and dose estimates, acknowledged to be poor,
ranged from 8 to 270 rem of neutrons. Further, among ten scientists

involved in the nuclear accidents at Los Alamos Scientific Laboratory,

51-4. Y B rl S e [

AAuguSt/1945 aﬁﬁ Méy 1946, two developed cataracts. One had been within
3 feet and was estimated'dZ’have received a neutron dose of 45 rem and
‘ £}£4vJ
a2 whole body gamma dose of 26 #. Two others, 6 and 8 feet away and
receiving an estimated 21 and 15 rem of neutrons to the eye and 11 and

Nl . . 25,26
9 { whole body gamma, respectively, did not develop cataracts.

While cataracts have been thus observed among atomic bomb victims,
scientists, and pétients receiving therapeutic radiation to the head as
well, there is not sufficient evidence to prove a human “threshhold"
below which cataracts will not develop. Patients have required doses
in the range of 6004?%ﬁgiwmma to develop cataracts.27 Animal experi-

ments have provided some interesting although inconclusive data. 1In

slight impairment of vision, and 200 additional instances of minimal o
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mice, for example, which are known to be very susceptible to radiation

opacities, a sigaificant increase in opacification has resulted from

N _xad of neutrons.28 Vhile it is_not possible to extrapolate the

numaivical data to man, such data has been taken to suggest that a

threshold dose of neutrons for lens opacification may not exist.zg

It is presently considered that, on the basis of available data,

there may be "a practical threshold for the induction of vision im-
Yy P .

pairing lens opacification in man by low-LET radiation...."30 For

x-rays and gamma rays, "the dose-response relation for the 1nduct10n . -
Ao andeca s ¢?/1A7G»A¢5a_@
of cataracts severe enough to impair vision seems clearly to be ﬂl
w~ 31 : ‘ -
sion01dk... The practical threshold for these types of radiation has
been estimated to lie in the range of 200 ~ 500 rads for single exposures
and about 1000 rads for fractionated exposures delivered over months.

32 33

For neutron exposures estimates of 20 - 45 rads™” and 75 - 100 rads

have been made.

The significance of the scientific and clinical data thus far
accumulated on radiation cataractogenesis, then, can be as stated in the
widely recognized BEIR report: '"These considerations imply that there is
little risk of inducing such effects at doses and dose rates approaching

natural background radiation levels."34

MEDICOLEGAL PROBLEMS

As the radiaﬁion health program must safeguard the well being of

radiation workers, so must it be concerned with the compensation system
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currently applied in the event of radiation injury. In particulax

ft )
[

a radistion healch program must be alert to spacious claims, born of

——— R [

ignorance, ill advice, superstitiomn, or other motives best known to

the plaintiffs, since protection of the Government (taxpayer) is as worthy

a goal as protection of the worker. To date no ccmpensation claims have

come from;ﬁé;al personnel. A number of claims have been submitted by
wen . . A//

civilian persoannel, howsver, some of thamﬁyorking in shipyards on A4val

projects.

The U. S. Atomic Fnergy Commission has compiled a series of volumes
in which cases involving alleged radiation injury are presented. Volumes
V and VI, published in 1969 and 1972, coatain several cases, both private

and goverrmental, involving cataracts. Thelr summary provides an

GP The lo//cn, ”

excellent overview of the development of compensation standards. from——~— » f
35 V-
the 1969 compendium: ! a.
| P
Ly
Case 5. Compensation denied a claimant who received 332 wrem over P&
N
a six year period while erecting staging on a structure housing nuclear § W
' o
reactors. His cataracts did not resemble radiation cataracts and had ' R
. . ‘l
existed at least X years prior to his earliest exposure. X N
;\.'
| &
Case 12. Compensation denied a claimant who received an estimated VA
Lo \\Z

!

(Vs Sl
200 x over % ,years while inspecting electronic and communications
equipment. While his cataract resembled one that could arise from

radiation, it was determined that he had not received a cataractogenic dose.

Case 21, Compensation denied a physicist who in%gﬁ ears received

—_— [
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2033 w=x 4355-mr—oﬁrra—and—%@S—e@—uhuLxgn), including 1063 mr in one

vear. It was determined that, while he had posterior subcapsular
opacitics; they were mot radidtion-induced, irasmuch s the dose was
too small 2nd he had associated macular and vitreous changes that would

not result from radiation.

Case 24. Compensation granted a geophysical research scientist
who had initially sustained a microwave exposure from 1942-1945.
Subsequently, from 1948-1950 he operated an electron microscopz, whose
use was terminated when it was found to emit x-rays of unknown intensity.
le developed ﬁremature cataracts, the lesion in the right lens being
pathognomqnic for microwave cataracts., It was determined that his

cataracts were caused by microwaves and aggravated by x-rays.

Case 42, Comﬁensation denied an electrical foreman who worked near

but not in a gamma radiation area and vhose film badge showed zero

exposure. ' : ' . i

- )g‘«th,.?h..ér e B gt e BT L
’ﬂIOm the 1972 compendium:36

_Case 5. Compensation denied a worker with the Manhattan Engineer
District who never handled radioactive materials but who, along with
others,/looked through an observation window at an ion beam and ion
source., He ascribed the subsequent development of adenocarcinoma of
the colon, cataracts, glaucoma, and a detached retina to radiation, but

his claim was refused,

a S

Case 36, Compensation denied a worker who received 35 me from a
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cesium source over 8% months. While he could conceivabL? hava gotten

into the path of several hundred rem per hour, it was demonstrated by

safety ptecaut10ﬁs and the absence of skin and hair cﬁanoes that such

é c{"‘t" p'
exposur Ahad notfo"currud

Case 4%. Compensation granted a female chemist at a béial shipyard
who handled radioactive materials, primarily reactor plant water. Film
badge records showed a total dose of 1.690 rem by 1965, when she was
noted to havé bilateral, discrete, thin, beaten-gold, vacuolized
posterior subcapsular cataracts. An ophthalmologist who felt this was
an early senile change said in part that these cataracts '"could be an
unusual sensitivity of the germinal epithelium to a low voluﬁe radiation,.."
By 1970 when the cumulative dose was 3 rem, the Medical Director said in
part, "I rust conclude, thereforé, that the slight progression of'these
cataracts, subcapsular in type, were initiaéed or certainly aggravated
by the radiation exposure." The decision in the claimant's favor was

made by the Board of Employee Compensation.

This case, which arose in connection with thz naval Muclear power
program, has generated vigorous and sustained rebuttal efforts by’ﬁéval
perscanel having cognizance over nuclear reactors and the rad1ation health

program. Daspite a subsequent array of expert opinion dis uting the
' Paﬂd Smoiu;k_ C/Cn
claim and & recent appeal by hAval authorities, however, t e has "

recently reaffirmed its original decision.

Case 50. Cowpensation granted a California physicist who received

C-yv . '
2 twelve year exposure of 0,61°R wihile workingz around accelerators. An

——— — — ——— —_—

’r
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ophthalmologist with prior experience involving radiation cataracts said
the lesions were "quite typical of the cyclotron cataracts, aad the type
I saw in Hiroshima." He coatinued that "The posterior subcapsular
cataract in the right eye has the bivalve appearance which is so

FAL, LA

characteristic of radiation cataracts. Therefore, 4t doesn't seem to

be much doubt that he has radiation cataracts.,"

When viewed in the light of the most knowledg2able estimates of
radiation levels required to cause cataracts, two elements are disturbing

AR e :_
in these cases. First,is the apparent absurdity\é} certain of the claims

X
. , Aebeary ‘s .
in the light of accepted facts. Second, is evident misinformation and

dirth of professional counsel with which reviewing authorities have made

certain decisions.

The problem, furthermore, is a growing on=. Civilians in kéval
radiation programs have been submitting claims at an increasing rate.
As examples, onc man who received 11,407 rem over six years has alleged.
that radiation has caused vacuoles in his eyes. Arother individual has
alleged that bilateral cataracts have resulted from 29.655 rem received
R I . ’
over 18 years. —It- is a dangerous possibility that compensation decisions

in favor of undeserving claims will impede the development of nuclear

powar for both military and civilian uses.

DISCUSSION AND RECOMMENDATIONS

An assessmant of the importance of lenticular opacities in the

nuclear power program must initially consider the techmique whereby

N —
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* the opacities are evaluated. Preseatly initial screening wequirces
vV

a careful ophthalmoscopic examination supported by a general ocular

— )

‘history, physieal cxamivation, and measurement of visual acuity and
refractive correction. Vhea lenticular opacities are discovered with
the ophthalmoscope, or when other findings so warrant, a slit lamp
evaluation is performzd. The adequacy of this system must be measured

by its results and by comparison with possible alternatives.

It cannot be gaimsaid that the ophthalmoscope is a relatively
crude optical instru&ent for evaluating lenticular opacities. Indeed)
those most skilled in its use are most écutely aware of this fact.
Much depends not ounly upon the skill and dedication of the examiner)
but also upon the location and size of the opacity in question. Further,
the percentage of individuals in whom opacities are detected is about

one order of magnitude lower than results achieved with the slit lamp.

When performed by qualified examiners, however, opathalroscopy has
been showa to yield consistent results over a large sampling of in-
dividuals and over an extended period ot time. Moreover, routine
detection of small structures like Mittendorf dots, vacuoles, and
pigment demonstrates that small lesions can be detected. Whena combined
with a careful history, search for other ccular findings, and visual
acuity measurements, it forms the nidus of a satisfactory basic screening.
It will not, however, detect early opacities that may be progressive but
fhat do not yet interfere with vision and are either extremely small or

remote in location.
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‘Three pilot projects are currently in progress, at shipyards en-

ploying civilian persomnmnel, to perform slit lamp examinations on all
___radiation workers. Two of these centers are further seeking to photo-~ o

graph all opacities as part of baseline data. Their total populations,
however, are swall enough that ;ha availability of examiners skilled
in the slit lamp has not become a problem. Thus far, when dealing with
young and middle-aged people, opacities detected with a slit lamp that
vere imvisible to the ophthalﬁoscope and unassociated with other ocular
.or systemic findings have, in studies submitted to BUMED, been benign
in nature, Wnether an increase in pathology will be discovered by making
slit lamp examinations xoutine remains to be determined. Results will

of course have to be analyzed in light of the high cost of the program

and the cverall limited availability of qualified slit lamp personnel.

At the present time it is reasonable to continue using the ophthal-
moscope as the basic screening tool for lenticular opacities, with the
following wmodifications: It wust be supported by satisfactory history
and physical examination. All opacities should be évaluated by slit
lamp examination. It is further recommended that the following addition-
al guidelines be used as indication for slit lawp examination:

1. Cases involving recent or abrupt decrease in vision.

2. Presence of amblyopia.

3. History of trauma.

4, Strong family history of cataracts, especially arising at a

young age.

5. Uausuvally high refractive error, especlally when 20/20 correction

is not achieved. .
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6. Other ocular pathology.
7. Systemic or metabolic disease known to cause cataracts.
__8. Significant use of drugs, topical or systemic, especially

ster&ids, known to cause cataracts.

9. Therapeutic or occupational radiation exposure outsiée the Havy,
especially when the total dose is not known.

10. Evidence of genetic anomalies or prenatal disease.
Finally, since degenevative cataracts appear with increasing frequency
'in the fifth decade, it is considered advisable to give a slit lamp

examination to every radiation worker 45 years of age or older.

The disposition of individuvals with lenticular opacities wust be
determined according to the general principles of the radiation health
program, Thesa precepts may be summarized as follows:

1. Insure that entrants into the field will rot be placed at
unacceptable risk by reason of physical defects.

2. Verify that iondividuals continue to meet standard&; &nd remove
from the program those who develop conditions that might be exacerbated
by ionizing radiation.

3. .Insure by dosimetry that occupational exposures do not exceed
establishad safe standaxds.

Every opa?ity that is detected must be evaluated on the basis of possibly

3 3

' ﬁzﬁiééiééié”éh individual from being a radiation worker. The primary

criterior is the etiology of the opacity.

teedless to say, a radiation cataract would disqualify. Because of

the inherent safeguards and dose limits in the nuclear power program,

T S—

T S JU—— —_—
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such a lesion would not arise from radiation work except in the event
of 2 nuclear accident. Those cataracts known to arise from acute

Co

radiation exposureo involved doses of over 100 rads of gamma and over

S

40 rads of neutron. Lower doses have not caused cataracts. For gamma
radiation it is felt that a "practical threshold" may be defined, below
which cataractous changes will not occur. Such a threshold has‘not been
defined for neutron doses. It is safe to conclude, then, that in the
norimal eperation of nuclear pover plants radiation cataracts will not
arise. Examiners wight exéect to detect such cataracts only among

applicants for entry into the program, who may have had either therapeutic

or occupational exposures.in the past.

Among othar types of opacities, punctate markings, vacuoles, and
Mittendorf dots occur frequently, are non-progressive, and do not inter-
fere with vision. They may be regarded as physiologic. Traumatic
cataracts are usually readily identified with a specific, easily recalled

injury. When the accident is remote, the cataract does not progress.

Toxic, metaboiic, and senile degenerative cataracts, however, are
progressive; Further, they occur in the posterior subcapsular portion
of the cortex, and in time may resemble a radiation cataract that has
matured, Therefore it is likely that such cataracts might be mistaken
for one cauéed by radiation. Moreover)it is not known whether radiation

will accelerate the growth of these lesioas.

G)\' AL - t.)..l'
Prosently all instances of lenticular opacity are evaluated by

g gt it st Wt s .
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BWT?):E;2§;£?11r=nt or retention ia the nuclear powor program. It is
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recommended that cpacities clearly desigoated as vacuoles, punctate w e d

arkings (often multiple), and Mittendoxrf dots ox embryologic remnants

" not require BUMED review. Pigment on the lens surface—should not be— —

considered a lenticulax opacity and likewise should not be reviewed.
211 other lesions should be evaluated by BUMED. Traumatic cataracts
should not be considered disqualifying unless they are too técent to
assure that the degree of visual impairment and the extent of cataract
formation have stabilized. Toxic, metabolic, and senile degenerative
cata:aéts should be disqualifying, since they do progxess and could be
associated with radiétion exposure, either as the primary cause or a
secondaxy contributing factor. Of the types of disqualifying cétargcts,
the senile ones are the most frequent. Since they can arise ia indi-
viduals in their fourth dacade, they can on rare occasion be expected
to disqualify highly trained individuals at the zenith of their career.
Within the past year, in fact, three such jrdividuals were disqualified
from the nuclear powar program. Since the lesions of at least two had
previously been jdentified, howevex, an attrition of three pexr year
shou%épyot be antici?ated. Yet critical though any manpower loss be,

NLNNAAONOAZ L AN A L N
hauauas) no via¥ld alternative appeags to resolve this dilerma.

The most disturbing clement in the evaluation of lenticular opacities
for nuclear power is the medico—iegal aspect. Despite reasonable
occupational exposure levelsvand an active radiation health program that
has assured compliance with standaxrds, the specter of burgeoning lawsuits
serves to make an already cautious employment philosophy even more

conservative. Legal considerations often prompt the disqualification of
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personael for defects that increase their risk by either negligible ox

only theoretical amounts.

— g

————

Fotwithstanding the attention given to radiation health protection
and the weight of clinical experience, howaver, adverse decisions have
been ﬁanded down. In the cases cited above, the instance of an award
granted for a cumulative exposure of 3 rem flouts carefully documented

scientific data. In another case, the diawnosis of radiation cataract
M L...
'.,-,.A € fteb X

famy
.. on morphology alone, discounting the iﬁs;gaiéieee*ea dose of 0. 61 R to

which the subject was exposed, represents an act of caprice on the

part of both the medical examinexr and the reviewing board.

Part of the solution to this problem lies. in education. It is
incusbent first upon medical department personnel participating in the
radiation health program to be fully acquainted‘with all aspects of
lenticﬁlar opacities as they relate to evaluating individuals for
nuclear power. It is also important for the line to be aware‘of
pertinent medical criteria; It is also necessary to understand that
the intensity of the radiation health program results, not from the
risk iacurred by the dosess people receive, but bf the commitment to
ninimize risk in any possibly way and to document the insignificance
of the risk. These steps are preliminary to educating both radiation

workers and the general public regarding radiation hazards.

Because of the highly technical nature of nuclear power, as regards
both its physics aud its biomedical ramifications, and because judicial

authorities zre generally untrained in these matters, it would further
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seem advisable to create 2 board or agency of recognized experts in

matters regarding radiation health., This board would then be available

' " to review claimS‘an§ make recommendations to all judicial agencies, —

whether federal or state,-a;EiEPncerning either military or civilian

R et e v e 1 e b e b AN it -

;:E%EEEE;EEI This would insure that an acceptable level of expertise
ot o dl iz vl d

would be available"for consultatioq’andAprovide 2 nocessary consistency

in the establishment of important and far-reaching precedent,

B18L166€APY
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Bainbridge
Mare Island

TOTAL

Lo

No. of
Candidates

2,204

1,835

4,039

_____ Table X: Enlisted_Nuclear Power School Siudents, May, 1973 to May, 1974

No. with
Lenticular

Opacities Percent
263 11.93%
199 10847
462 11.44%

Table

II: Enlisted Nuclear Powsr School Students, May - December, 1973

Bainbridge
Mare Island

TOTAL

No. of
Candidates

1,251
840

tansvamame

2,091

No. with

Lenticular

Opacities Parcent
190 15.19%
_2§ 11.67%
288 13.77%

Table

III: Enlisted Nuclear Powzr School Studeats, January - May, 1974

Bainbridge
Mare Islaand

TOTAL

Mo. of
Candidates

953
995

1,948

No. with

Lenticular

Opacities Percent
73 7.66%
101 ‘ 10,15%
174 8.93%




